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(54) Self-pulsation type semiconductor laser device 



(57) A self-pulsation type semiconductor laser de- 
vice includes a semiconductor substrate of a first con- 
ductive type and a multilayered structure including at 
least an active layer provided on the semiconductor sub- 
strate. The multilayered structure includes a first clad- 
ding layer of the first conductive type provided below the 
active layer, a second cladding layer of a second con- 



ductive type having a striped ridge portion provided 
above the active layer and a saturable absorbing film 
provided over the second cladding layer. The saturable 
absorbing film includes an accumulation region for ac- 
cumulating photoexcited carriers. The accumulating re- 
gion is provided apart from a surface of the second clad- 
ding layer. 
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Description 

1. FIELD OF THE INVENTION: 

The present invention relates to a self-pulsation 
type semiconductor laser device. More specifically, the 
present invention relates to a self -pulsation type semi- 
conductor laser device having a low level of noise, which 
is suitable as a light source for recording and reproduc- 
ing operations of an optical disk or the like. 

2. DESCRIPTION OF THE RELATED ART: 

When laser beams reflected from an optical disk or 
the like enter a semiconductor laser device which oscil- 
lates in a single longitudinal mode, an oscillation slate 
is unstable and changes due to optical interference, re- 
sulting in the generation of noise. Such noise, referred 
to as "noise due to return light", significantly disrupts the 
performance of the semiconductor laser device in the 
case where it is used as a light source for the reproduc- 
ing operation of an optical disk or the like. 

In order to reduce the noise due to the return light, 
conventionally, a current oscillating at a high frequency 
(hereinafter, referred to as the "high frequency oscillat- 
ing current") is overlapped with a driving current of the 
semiconductor laser device (referred to as the "high fre- 
quency overlapping method"). 

More specifically, when the high frequency oscillat- 
ing current is overlapped with the driving current, a laser 
beam pulse train is generated in synchronization with 
the phase of the high frequency oscillating current. At 
this lime, the laser oscillation mode is changed in an ex- 
tremely short time (e.g., about 2 nanoseconds), and the 
wavelength of the laser beam pulse train is correspond- 
ingly changed in a discontinuous manner within a small 
range (e.g., within the range of ± 2 nm from the central 
wavelength). As a result, at the time when the laser 
beams return to the semiconductor laser device after 
being reflected from an optical disk or the like (i.e. , wh en 
the return light reaches the semiconductor laser device), 
coherence between the return light and the laser beams 
in an oscillation state disappears (i.e., the return light 
and the laser beams become incoherent), resulting in 
an unstable variation in the laser oscillation being sup- 
pressed. As a result, the generation of noise due to the 
return light can be prevented. 

This method, however, requires a circuit dedicated 
for generating the high frequency oscillating current; 
therefore, this method is not suitable for realizing the 
miniaturization of a device to which the semiconductor 
laser device is to be incorporated (e.g., a reproduction 
apparatus for an optical disk). 

In recent years, a semiconductor laser device not 
requiring a circuit for generating the high frequency os- 
cillating current has been developed by utilizing the self- 
pulsation "phen'bmerion of the semiconductor laser de- 
vice. Such a semiconductor laser device is referred to 
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as a self-pulsation type semiconductor laser device, and 
includes a saturable absorbing region in an optical 
waveguide portion of the semiconductor laser device. In 
the self-pulsation type semiconductor laser device, a la- 

5 ser oscillation mode periodically changes in an extreme- 
ly short time by the function of the saturable absorbing 
region without overlapping the high frequency oscillat- 
ing current with a dc driving current, thus achieving a 
low level of noise by a mechanism similar to the above- 

10 mentioned high frequency overlapping method. 

Hereinafter, a conventional example of a self -pulsa- 
tion type semiconductor laser device will be described 
with reference to the accompanying drawings. 

A semiconductor laser device shown in Figure 8 in- 

'5 eludes an n-type GaAs substrate 41 and a semiconduc- 
tor multilayered structure which is grown thereon. 

This semiconductor multilayered structure includes 
an n-type buffer layer 42, an n-type first cladding layer 
43, an active layer 44, and a p-type second cladding lay- 

20 er 45, on the substrate 41 in this order. The second clad- 
ding layer 45 includes a striped ridge portion, and the 
portions on both sides of the ridge portion (non-ridge 
portions) of the second cladding layer 45 are thinner 
than the ridge portion. A p-type contact layer 47 is 

25 formed on the ridge portion of the second cladding layer 
45 via a p-type intermediate layer 46. An n-type GaAs 
buried layer 49 is formed on the both sides of the striped 
ridge. Lateral confinement of light in a horizontal direc- 
tion is achieved by a difference in equivalent refractive 

30 indexes between the ridge portion and the non-ridge 
portion. 

A p-type electrode 41 0 is provided on the upper face 
of the semiconductor multilayered structure, and an n- 
type electrode 411 is provided on the lower face of the 
35 substrate 41. A voltage is applied between the elec- 
trodes 41 0 and 41 1 so as to allow carriers necessary for 
generating laser beams to be injected into the active lay- 
er 44. 

When a voltage is applied between the electrodes 

40 410 and 411 , reverse bias is applied to the pn junction 
between the p-type semiconductor layer and the n-type 
GaAs buried layer 49 in the semiconductor multilayered 
structure. For this reason, current does not flow through 
the GaAs buried layer 49 and is narrowed to the striped 

4S ridge portion. As a result, current flows through a select- 
ed region in the active layer 44 (i.e., a region located 
immediately below the striped ridge portion). 

The region in the active layer 44 through which cur- 
rent flows to a level exceeding a predetermined level 

50 functions as "a gain region" for laser beams, and the 
other regions function as "a saturable absorbing region". 
The function of the saturable absorbing region will be 
described below. 

The saturable absorbing region functions not as a 

55 gain region for laser beams, but as an absorbing region. 
At this time, an extent to which the saturable absorbing 
region absorbs laser beams (light absorption amount) 
depends on the density of photoexcited carriers which 
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are present in the saturable absorbing region. Herein, 
the term "photoexcited carriers" refers to electrons and 
holes which are excited fronn a valence band to a con- 
duction band by absorbing laser beams. 

Figure 9 shows the relationship between the light 5 
absorption quantity and the number (density) of pho- 
toexcited carriers. The light absorption quantity lowers 
as the photoexcited carrier density increases, and the 
light absorption quantity increases as the photoexcited 
carrier density lowers. When the light absorption quan- 
tity of the saturable absorbing region periodically chang- 
es, an internal loss of the semiconductor laser device 
also periodically changes. Thus, a threshold current 
density necessary for laser oscillation periodically 
changes. As a result, even if the driving current is kept 
constant, substantially the same effect as obtained in 
the case where the driving current varies can be provid- 
ed, resulting in the achievement of self-pulsation. 

However, the above-mentioned prior art poses the 
following problems. 

In the structure shown in Figure 8, laser beams are 
distributed not only In the gain region in the active layer 
44, but also in the saturable absorbing region outside 
the gain region. For the purpose of causing self-pulsa- 
tion. an overlapped area of the laser beam and the sat- 
urable absorbing region is required to be as wide as pos- 
sible. In order to obtain a wide overlapped portion, it is 
necessary to enlarge the saturable absorbing region by 
making the active layer 44 thick, or to expand a region 
in which the laser beam is distributed in a lateral direc- 
tion (hereinafter, referred to as the "laser beam distrib- 
uted region") by making the non-ridge portion of the sec- 
ond cladding layer 45 thick. However, if the overlapped 
portion of the laser beam distributed region and the sat- 
urable absorbing region becomes wide, the following 
two problems arise. 

First, when the active layer 44 is thicker, a light con- 
finement effect in a vertical direction becomes strong. 
As a result, a radiation angle 9X of laser beams in a ver- 
tical direction becomes undesirably wide. 

Generally, a radiation angle e|| of laser beams in a 
horizontal direction is typically about 8" to about 10°, 
and this is determined by the width of the striped ridge. 
On the other hand, the radiation angle GX of laser beams 
in a vertical direction depends on the thickness of the 
active layer 44, and can be about 40** in the case where 
the active Iayer44 has a thickness necessary for achiev- 
ing self-pulsation. 

As the radiation angle e± of laser beams in a vertical 
direction becomes large, the ellipticity of radiated laser 
beams becomes large. Excessively large ellipticity 
causes the deterioration in the efficiency of a lens con- 
version, thus presenting a disadvantage for use as a 
light source for an optical disk. On the other hand, when 
the active layer 44 is made thinner for the purpose of 
reducing the ellipticity, self-pulsation does not occur. 

For example, according to the results of an experi- 
ment by the present inventors, an active layer having a 



4 

multiple quantum well (MQW) structure including a well 
layer having a thickness of about 6 nm requires 8 or 
more well layers for causing self-pulsation. Self-pulsa- 
tion does not occur with 7 or less well layers. On the 
other hand, in order to obtain a preferable ellipticity as 
light source for an optical disk, it is preferable that the 
number of well layers is 7 or less. 

Secondly, there is a problem regarding a doping lev- 
el of the second cladding layer 45. 

Generally, it is known that the overflow of carriers 
from the active layer 44 can be suppressed by increas- 
ing the doping level of impurities in the second cladding 
layer 45. The overflow of carriers occurs more easily as 
the operating temperature of the semiconductor laser 
device becomes higher. This is because the kinetic en- 
ergy of the carriers increases at a high temperature. 
When the carriers overflow from the active layer 44, 
invalid currents increase, resulting in an increase of op- 
erating current. When the doping level of impurities in 
the second cladding layer 45 increases, the barrier 
height of the second cladding layer 45 to the active layer 
44 can increase. Thus, the increase of the doping level 
of the impurities in the second cladding layer 45 is ef- 
fective for preventing the overflow of the carriers. 

However, in the semiconductor laser device having 
the structure shown in Figure 8, when the doping level 
of the second cladding layer 45 increases, an electrical 
resistivity of the second cladding layer 45 lowers. Thus, 
the current injected from the electrode flows through the 
non-ridge portion of the second cladding layer 45 in a 
spreading manner in a lateral direction. For example, 
when the second cladding layer 45 is doped with p-type 
impurities of about 1 X 10^®cm"^ormore, self -pulsation 
cannot be achieved. This is because current flows into 
the saturable absorbing region by the spread of the cur- 
rent in the lateral direction, and a gain is generated 
therein, resulting in the disappearance of the light ab- 
sorbing function. As a result, the saturable absorbing re- 
gion no longer functions as such. More specifically, the 
region which can function as the saturable absorbing re- 
gion moves to the direction further apart from the laser 
beam distributed region, and interaction between the la- 
ser beams and the saturable absorbing region lowers 
significantly. 

Accordingly, for the semiconductor laser device 
having the conventional structure as shown in Figure 8, 
the doping level of impurities in the second cladding lay- 
er 45 cannot be increased. For this reason, it is difficult 
to perform an operation at a high temperature due to the 
overflow of carriers. 

SUMMARY OF THE INVENTION 

A self-pulsation type semiconductor laser device of 
this invention includes a semiconductor substrate of a 
first conductive type and a multilayered structure includ- 
ing at least an active layer provided on the serfitconduc- 
tor substrate. The multilayered structure includes a first 
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cladding layer of the first conductive type provided be- 
low the active layer, a second cladding layer of a second 
conductive type having a striped ridge portion provided 
above the active layer and a saturable absorbing film 
provided over the second cladding layer The saturable 
absorbing film includes an accumulation region for ac- 
cumulating photoexcited carriers. The accumulating re- 
gion is provided apart from a surface of the second clad- 
ding layer. This prevents carriers generated in the ac- 
cumulation region from being recombined in the recom- 
bination centres present at the regrowth interface. 

This invention also provides a laser device as 
claimed in claim 2. 

In one embodiment of the invention, the saturable 
absorbing film includes a first barrier semiconductor lay- 
er having a first bandgap, a well semiconductor layer 
having a second bandgap smaller than the first bandgap 
and a second barrier semiconductor layer having a third 
bandgap larger than the second bandgap. Preferably, a 
thickness of the first barrier semiconductor layer is set 
so that the photoexcited carriers in the accumulation re- 
gion are not prevented from recombining via a non- 
emission recombination center present at an interface 
between the saturable absorbing film and the second 
cladding layer. The thickness of the first barrier semi- 
conductor layer may be about 1 0 nm or more. 

In one embodiment of the invention, the first barrier 
semiconductor layer is formed of a first AIGaAs layer 
The well semiconductor layer is formed of a GaAs layer 
and functions as the accumulation region. The second 
barrier semiconductor layer is formed of a second AI- 
GaAs layer. 

In another embodiment of the invention, the satura- 
ble absorbing film has a multiple quantum well structure, 
and a plurality of well layers in the multiple quantum well 
structure function as the accumulation regions. 

In still another embodiment of the invention, the 
self-pulsation type semiconductor laser device further 
includes a semiconductor buried layer for absorbing la- 
ser beams provided on the saturable absorbing film. The 
semiconductor buried layer may be formed of a GaAs 
layer. 

In still another embodiment of the invention, the 
second cladding layer is doped with a impurities of a 
second conductive type at a concentration of about 1 x 
10^^ cm'^ or more. 

Thus, the invention described herein makes possi- 
ble the advantage of providing a self-pulsation type 
semiconductor laser device having a low noise level, 
which is capable of stably operating at a high tempera- 
ture with a small radiation angle 9± in a vertical direction. 

This and other advantages of the present invention 
will become apparent to those skilled in the art upon 
reading and understanding the following detailed de- 
scription with reference to the accompanying figures. 



6 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is a cross-sectional view showing a struc- 
ture of a self -pulsation type semiconductor laser device 
5 according to the present invention. 

Figure 1 B is an enlarged view of a part of Figure 1 A. 
Figures 2A through 2C are cross-sectional views 
showing a method for producing the self-pulsation type 
semiconductor laser device of Figures 1A and 1B. 

Figure 3A is a view showing a band diagram in the 
vicinity of regrowth interface in the self -pulsation type 
semiconductor laser device of Figures 1A and 18 ac- 
cording to the present invention. 

Figure 38 is a view showing a band diagram in the 
vicinity of regrowth interface in a conventional semicon- 
ductor laser device. 

Figure 4 is a graph showing a preferable thickness 
of a first AIGaAs barrier layer 

Figure 5A is a graph showing the relationship be- 
tween a laser beam amount and a light absorption 
amount. 

Figure 58 is a graph showing the relationship be- 
tween a laser beam amount and the number of excited 
carriers. 

Figure 6A is a cross-sectional view showing anoth- 
er structure of a self-pulsation type semiconductor laser 
device according to the present invention. 

Figure 68 is an enlarged view of a part of Figure 6A. 
Figure 7 is a diagram explaining the comparison be- 
tween the structure of the self-pulsation type semicon- 
ductor laser device according to the present invention 
and the conventional structure. 

Figure 8 is a cross-sectional view showing a con- 
ventional structure of a self-pulsation type semiconduc- 
tor laser device. 

Figure 9 is a graph showing the relationship be- 
tween the number of excited carriers and a light absorp- 
tion amount in a saturable absorbing film. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A semiconductor laser device of the present inven- 
tion includes a saturable absorbing film (i.e., saturable 
absorbing region) provided outside a striped ridge struc- 
ture, as a layer different from an active layer The satu- 
rable absorbing film internally includes a region where 
photoexcited carriers are accumulated (hereinafter re- 
ferred to as the "accumulation region"), and the accu- 
mulation region is provided apart from the surface (i.e., 
regrowth interface) of an upper cladding layer (i.e., sec- 
ond cladding layer). Such an accumulation region al- 
lows the excited carriers generated in the saturable ab- 
sorbing film to be accumulated in the saturable absorb- 
ing film without letting them flow into the inside of a bur- 
ied layer thus causing self -pulsation. In particular since 
the excited carriers are accumulated in a location apart 
from the regrowth interface, they are not trapped in a 
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non-emission recombination center. Thus, the saturable 
absorbing region delivers its high performance as such. 

The present invention will be described by way of 
examples with reference to the accompanying drawings 
below. 

Example 1 

First, an example where the present invention is ap- 
plied to an AIGal nP type semiconductor laser device will 
be described. 

The semiconductor laser device of Figure 1A in- 
cludes an n-type (first conductive type) GaAs substrate 
1 1 and a semiconductor muttilayered structure including 
a plurality of semiconductor layers which are epitaxially 
grown on the substrate 11. 

The semiconductor multilayered structure includes 
an n-type GaAs buffer layer 12 (n-type impurities: Si, 
impurity concentration: about 1 X IC® cm'^, thickness: 
about 200 nm), an n-type (Alo.7Gao.3)o.5lno.5p first clad- 
ding layer 13 (n-type impurities: Si, impurity concentra- 
tion: about 1 X lO^Scm-s thickness: about 1200 nm), 
a GalnP active layer 14 (thickness: about 400 nm) and 
a p-type (second conductive type) (AlojGaQ ajo.s'rio.sP 
second cladding layer 15 (p-type impurities: Be, impurity 
concentration: about 1.5 x 10^^ cm'^, thickness: about 
1200 nm) formed on the substrate 11 in this order. 

The second cladding layer 15 includes a striped 
ridge portion 1 5a having a width of about 3.5 |j.m to about 
4.5 p.m, and the portions on both sides of the ridge por- 
tion 15a are thinner than the ridge portion ISa. The width 
of the ridge portion 15a defines a distribution width of a 
gain region along a lateral direction and further a beam 
width of laser beams. Hereinafter, the portion in the sec- 
ond cladding layer 15 which is thinner as described 
above is referred to as a non-ridge portion 15b. 

The thickness of the second cladding layer 15 for 
the ridge portion 15a is typically about 0.8 \xm to about 
1 .2 \im, and the thickness of the second cladding layer 
15 for the non-ridge portion 15b is typically about 0.10 
|j.m to about 0.25 |j.m. In view of distributing light to a 
saturable absorbing film, the thickness of the non-ridge 
portion 15b is preferably in the range of about 0.10 p,m 
to about 0.15 M.m. 

A p-type GaAs contact layer 17 (p-type impurities: 
Be, impurity concentration: about 1 x lO'is cm"^, thick- 
ness: about 500 nm) is formed on the ridge portion 15a 
of the second cladding layer 15 via a p-type GalnP in- 
termediate layer 16 (p-type impurities: Be, impurity con- 
centration: about 1 X 10^9 cm-3, thickness: about 50 
nm). The ridge portion 15a of the second cladding layer 
1 5, the p-type intermediate layer 1 6, and the p-type con- 
tact layer 17 constitute "a striped ridge structure", which 
functions as a narrowed path of current. 

The side faces of the striped ridge structure and the 
surface of the non-ridge portion 15b of the second clad- 
ding layer 1 5 are covered with^ a saturable absorbing film 
18. As shown in a further enlarged view in Figure IB, 



the saturable absorbing film 18 in this example has a 
multilayered structure including a first Alo.6Gao.4As layer 
18a (n-type impurities: Si, impurity concentration: about 

1 X lO^s cm-3, thickness: about 20 nm), a GaAs layer 
5 18b (n-type impurities: Si, impurity concentration: about 

2 X 10''^ cm-3, thickness: about 30 nm) and a second 
Alo.6Gao.4As layer 18c (n-type impurities: Si, impurity 
concentration: about 1 X 10''^cm*2, thickness: about 20 
nm) in this order. The saturable absorbing film 18 is a 

10 component which plays an important role in the semi- 
conductor laser device of the present invention, and the 
structure and the function thereof will be described in 
detail later. 

An n-type GaAs buried layer 19 (n-type impurities: 
^5 Si, impurity concentration: about 1 x 10^^ cm"^, thick- 
ness: about 1000 nm) is formed on the saturable ab- 
sorbing film 18 so as to bury the striped ridge structure. 
A p-type electrode (thickness: about 100 nm) 110 is pro- 
vided over the n-type GaAs buried layer 19, the satura- 
te ble absorbing film 18 and the p-type contact layer 17, 
while an n-type electrode (thickness: about 100 nm) 111 
is provided over the lower face of the substrate 1 1 . When 
a voltage is applied between the electrodes 110 and 111, 
reverse bias is applied to the pn junction formed be- 
25 tween the n-type GaAs buried layer 19 and each of the 
p-type semiconductor layers. As a result, current flows 
in a constricted manner into "the striped ridge structure" 
by the GaAs buried layer 19. 

Next, referring to Figures 2A through 20, an exem- 
30 piary method for producing the semiconductor laser de- 
vice of Figures 1 A and 1 B will be described. 

First, as shown in Figure 2A, an n-type buffer layer 
12, an n-type first cladding layer 13, an active layer 14, 
a p-type second cladding layer 1 5, a p-type intermediate 
35 layer 16 and a p-type contact layer 17 are grown on a 
substrate 11, using a known molecular beam epitaxy 
(MBE) method. 

Then, as shown in Figure 2B, using known photoli- 
thography and etching techniques, the portions other 
40 than the portion to be formed into a striped ridge struc- 
ture of the p-type contact iayer 17, the p-type interme- 
diate layer 16, and the second cladding layer 15, are 
selectively removed. The step for forming such a striped 
ridge structure cannot be performed inside the MBE ap- 
45 paratus, therefore, the substrate 11 is taken out of the 
MBE apparatus, and then the striped ridge structure is 
formed. During this process, contaminants such as 
etchant, vapor in the air or a masking material remain 
on the surfaces of the semiconductor layers 15, 16 and 
so 17 which are exposed by etching. As the etching tech- 
nique, wet etching, dry etching, or a combination thereof 
are available. 

Then, the substrate is again loaded into the MBE 
apparatus, and "regrowth" of the semiconductor layers 
55 is performed. More specifically, a first AIq eGao ^As layer 
1 8a, a GaAs layer 1 8b, a second Alo.6Gao.4As layer 1 8c, 
and a GaAs buried layer 1 9 are sequentially grown. Prior 
to the "regrowth", a cleaning step for removing the con- 
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taminants is performed in the MBE apparatus. However, 
complete removal of the contaminants is impossible, 
and a non-emission recombination center (interface 
trap) is formed at the interface between the surface of 
the striped ridge structure and the regrown semiconduc- 
tor layers (i.e., the first Alo.6Giao.4As layer 18a). 

Then, after taking the substrate out of the MBE ap- 
paratus, the n-type semiconductor layers 18a, 18b, 18c 
and 19 which are grown so as to cover the upper face 
of the striped ridge structure are selectively etched 
away. Thus, the structure having a flat upper face is 
formed, as shown in Figure 2C. This etching continues 
until the contact layer 17 is exposed. 

Then, for example, using a sputtering method, an 
Au-Zn film is deposited on the flat face previously 
formed. Thus, a p-type electrode 110 is formed. Similar- 
ly, for example, using a sputtering method, an Au-Ge- 
Ni film is deposited on the lower face of the substrate 
1 1 , thus forming an n-type electrode 111. Thereafter, or- 
dinary steps for producing a semiconductor laser device 
are performed, and thus a semiconductor laser device 
shown in Figure 1 A is produced. 

Hereinafter, the structure and the function of the sat- 
urable absorbing film 18 will be described in detail with 
reference Figures 3A and SB. 

The saturable absorbing film 18 of the present in- 
vention includes a first Alo.6Gao.4As layer (first barrier 
semiconductor layer) 18a having a first bandgap (Eg1 
= about 2.0 eV), a GaAs layer (well semiconductor layer) 
18b having a second bandgap smaller than the first 
bandgap (Eg2 = about 1.42 eV) and a second 
Alo.6Gao.4As layer (second barrier semiconductor layer) 
18c having a third bandgap larger than the second 
bandgap (Eg3 = about 2.0 eV). These semiconductor 
layers 18a, 18b and 18c constitute a double heter- 
ostructure. With such a structure, a potential well is 
formed as shown in Figure 3A. The GaAs layer (well 
semiconductor layer) 18b located in a well portion of the 
potential is formed of a semiconductor layer having a 
bandgap which generates excited carriers by absorbing 
laser beams. The well semiconductor layer 18b can be 
formed of any semiconductor other than GaAs, as long 
as it has a bandgap which generates excited carriers by 
absorbing laser beams. 

The two Alo.6Gao.4As layers 18a and 18c which In- 
terpose the well semiconductor layer 18b are both 
formed of a material which can work as a sufficient bar- 
rier to excited carriers generated by the well semicon- 
ductor layer 18b upon absorbing laser beams. An Al 
mixture ratio is adjusted so that the band gaps of the 
AljjGa^.^As layer 18a and the AlyGa^.yAs layer 18c are 
controlled. Thus, a potential barrier having a sufficient 
height to the bandgap of the well semiconductor layer 
18b is formed. The height of the barrier to electrons is 
preferably about 0. 1 5 eV or more. As long as they func- 
tion as barrier layers, the compositions of the 
AI^Ga^.j^As layer 18a and the AlyGai.yAs layer 18c "are 
not necessarily identical. 



The first Alo.6Gao 4AS layer 1 8a functions to prevent 
the excited carriers generated In the GaAs layer 18b 
from being recombined via the non-emission recombi- 
nation center (Interface trap) at the regrowth interface. 
5 For this reason, It Is necessary that the AIq ^GaQ 4AS lay- 
er 18a has a thickness which prevents the excited car- 
riers from reaching the regrowth interface. However, 
when the first Alo6Gao4As layer 18a is excessively 
thick, the distribution intensity of laser beams in the sat- 
10 urable absorbing film becomes small. As a result, self- 
pulsation is unlikely to occur. 

A preferable range of the thickness of the first 
Alo.eGao4As layer 18a will be described with reference 
to Figure 4. 

75 A broken line of Figure 4 shows the reciprocal of the 
non-emission recombination rate due to the regrowth in- 
terface in the semiconductor laser device of Figure 1 A. 
This is a parameter showing Insusceptibility to the Influ- 
ence from the non-emission recombination at the re- 

20 growth Interface. This reveals that when the thickness 
of the first Alo.6Gao,4As layer 18a becomes smaller than 
about 100 A (about 10 nm), the first Alo 6Gao.4As layer 
1 8a becomes abruptly susceptible to the influence of the 
regrowth interface. For this reason, it is preferable that 

25 the thickness of the first Alo.eGao 4AS layer 1 8a Is about 
100 A (about 10 nm) or more. 

On the other hand, it is believed to be necessary 
that a laser beam intensity In the well semiconductor lay- 
er 18b should be at least about 1/3 of the peak intensity 

30 thereof. In the case of the semiconductor laser device 
of Figure 1 A, as shown with a solid line In Figure 4, the 
intensity of laser beams Is reduced to about 1/3 of the 
peak Intensity or less at the point where the distance 
from the regrowth interface is over about 3000 A. There- 

35 fore, the thickness of the first A!o,6Gao.4As layer 18a is 
preferably about 3000 A (about 300 nm) or less. 

As a result, the thickness of the first Alo 6Gao.4As 
layer 18a is preferably set in the range of about 100 A 
to about 3000 A. 

40 Furthermore, the second Alo.6Gao.4As layer 18c 
preferably has a thickness which functions as a barrier 
preventing the excited carriers from diffusing Into the 
GaAs buried layer 1 9. When the thickness of the second 
Alo.6Gao.4As layer 18c Is excessively thin, there is a pos- 

45 sibllity that the excited carriers will pass through the sec- 
ond Alo 6Gao.4As layer 18c by a tunneling effect. In view 
of this point, in the case of this example, the second 
Alo.6Gao.4As layer 18c is necessarily about 20 nm or 
more. On the other hand, with a thickness of about 50 

50 nm, the second Alo.6Gao.4As layer 18c can sufficiently 
function as a barrier layer Even if the second 
Alo.6Gao.4As layer 18c Is thicker than 50 nm, the effect 
of carrier accumulation does not correspondingly in- 
crease. In view of the fact that a layer Including Al, which 

55 is easily oxidized, is preferably made as thin as possible 
in order to prevent the performance of the device from 
deteriorating. It Is preferable that the thickness of the 
second Alo.6Gao.4As layer 18c is about 100 nm or less. 
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The thickness of the GaAs layer 18b is set so as to 
sufficiently interact with laser beams generated in the 
active layer 14. thereby causing self-pulsation. Since 
the intensity of the laser beams lowers with distance 
from the active layer 14, the extent of the interaction be- 
tween the laser beams and the GaAs layer 1 8b depends 
on the distance between the active layer 14 and the 
GaAs layer 18b. For this reason, a preferable thickness 
of the GaAs layer 18b is optimized in view of the dis- 
tance between the active layer 14 and the GaAs layer 
18b 

In the case where the distance between the active 
layer 14 and the GaAs layer 18b is relatively small (e. 
g., about 0.10 |im), the interaction between the laser 
beams and the GaAs layer 18b is strong. Therefore, 
self -pulsation can be caused with a relatively thin GaAs 
layer 18b (e.g., about 15 nm). On the other hand, when 
the GaAs layer 18b is excessively thick, the GaAs layer 
1 8b partially exists even at the site where the interaction 
with the laser beams is not effected. The GaAs layer 
18b at that site does not substantially contribute to the 
generation of the excited carriers. For this reason, the 
surface of the GaAs layer 1 8b is preferably located clos- 
er to the active layer 1 4 than the site where the distribu- 
tion intensity of the laser beams is reduced to about 30% 
of the peak intensity or less. 

Thus, a preferable thickness of the GaAs layer 18b 
depends on the thickness of the first AIq 6^30.4^5 layer 
18a and the thickness of the second cladding layer 15. 

As described above, the semiconductor laser de- 
vice of this example includes the saturable absorbing 
film 18 having the excited carrier accumulation region 
below the GaAs buried layer 19. Thus, self-pulsation 
can be stably caused at a high temperature while main- 
taining the thickness of the active layer relatively thin. 
In the conventional structure of Figure 8 previously de- 
scribed, it is necessary to make the thickness of the ac- 
tive layer about 55 nm or more in order to maintain stable 
self-pulsation, whereas it is sufficient in this example 
that the thickness of the active layer is about 40 nm. As 
a result, a radiation angle 9X in a vertical direction can 
be about 32*. 

According to the experiments by the present inven- 
tors, in the case where the active layer having a multiple 
quantum well structure is used in the conventional sem- 
iconductor laser device of Figure 8. self-pulsation does 
not occur with 7 or less well layers of a thickness of about 
6 nm. In this case, 10 or more well layers are necessary 
in order to obtain stable self-pulsation. On the other 
hand, in this example, self-pulsation occurrence does 
not depend on the thickness of the active layer 14. 

In the GaAs buried layer 49 of the conventional 
semiconductor laser device shown in Figure 8, laser 
beams are absorbed in the vicinity of the ridge portion 
of the second cladding layer 45 so that excited carriers 
are generated. However, as shown in Figure SB, the ex- 
cited carriers generated by'the absorption of the laser 
beams in the GaAs buried layer 49 are partially trapped 



in the non-emission recombination center at the re- 
growth interface and disappear by recombination. Fur- 
thermore, the remaining excited carriers diffuse into the 
GaAs buried layer 49 to the direction apart from the re- 
5 growth interface. As a result, the excited carriers gener- 
ated in the GaAs buried layer 49 by the absorption of 
the laser beams are not accumulated in the GaAs buried 
layer 49, so that the GaAs buried layer 49 cannot func- 
tion as a saturable absorbing region. 
10 Figure 5A shows the dependence of the light ab- 
sorption quantity on the laser beam quantity in both the 
structure of Figure 3A (indicated by the expression "with 
an internal accumulation region") and the structure of 
Figure 3B (indicated by the expression "without an in- 
15 ternat accumulation region"). As understood from Figure 
5A, in the case of the structure "with an internal accu- 
mulation region", the light absorption quantity signifi- 
cantly depends on the laser beam quantity, whereas in 
the case of the structure "without an internal accumula- 
tion region", the light absorption quantity only slightly de- 
pends on the laser beam quantity. 

On the other hand, Figure 58 shows the depend- 
ence of the number (density) of excited carriers on the 
laser beam quantity in both the structure of Figure 3A 
(indicated by the expression "with an internal accumu- 
lation region") and the structure of Figure 3B (indicated 
by the expression "without an internal accumulation re- 
gion"). As understood from Figure 58, in the case of the 
structure "with an intemal accumulation region", the 
number of the excited carriers significantly increases in 
accordance with the laser beam quantity, whereas in the 
case of the structure "without an internal accumulation 
region", the numberof the excited carriers remains small 
even if the laser beam quantity increases. 

As described above, in this example, a region to 
function as a potential well for the excited carriers is 
formed by depositing three semiconductor layers 18a, 
18b and 18c having different bandgaps, thereby accu- 
mulating the excited carriers in a part of the regrown lay- 
ers. The band structure forming such a potential well is 
not limited to the structure shown in Figure 3A previous- 
ly described. For example, the energy bandgap of the 
saturable absorbing film 18 may be allowed to change 
in a curved manner or in multiple phases, thereby form- 
ing a region where the excited carriers are accumulated 
(i.e., a potential well region). It should be noted, howev- 
er, that at least a part of such a carrier accumulation 
region is required to have a bandgap allowing laser 
beams to be absorbed. 

Furthermore, in this example, the saturable absorb- 
ing film 18 exists not only on the non-ridge portion 1Sb 
of the second cladding layer 15, but also on the side 
faces of the striped ridge structure. Alternatively, the sat- 
urable absorbing layer 18 may be located only on the 
non-ridge portion 15b of the second cladding layer 15. 

Furthermore, the present invention is not limited to 
the case where it is formed oi ah AIGalhP type semi- 
conductor material. For example, an AIGaAs type ma- 
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terial or the like can be used. 
Example 2 

Next, another example where the present invention 
is applied to an AIGalnP type semiconductor laser de- 
vice will be described. 

A semiconductor laser device of Figure 6A includes 
an n-type (first conductive type) GaAs substrate 31 and 
a semiconductor multilayered structure including a plu- 
rality of semiconductor layers which are epitaxially 
grown on the substrate 31 . 

The semiconductor multilayered structure includes 
an n-type GaAs buffer layer 32 (n-type impurities: Si, 
impurity concentration: about 5 X lO""^ cm'^, thickness: 
about 500 nm). an n-type (Alo.7Gao.3)o.slno.5P first clad- 
ding layer 33 (n-type impurities: Si, impurity concentra- 
tion: about 5 X lO""^ cm-3, thickness: about 1000 nm). 
a GalnP active layer 34 (thickness: about 350 nm) and 
a p-type (second conductive type) (AIq 7Gao.3)o-5lno.5p 
second cladding layer 35 (p-type impurities: Be, impurity 
concentration: about 1.5 x 10^8 cm-3. thickness: about 
1000 nm) formed on the substrate 31 in this order. 

The second cladding layer 35 includes a striped 
ridge portion 35a having a width of about 3.5 ^im to about 
4.5 ^m, and the portions on both sides of the ridge por- 
tion 35a are thinner than the ridge portion 35a. As in 
Example 1 , the width of the ridge portion 35a defines a 
distribution width of a gain region along a lateral direc- 
tion and further a beam width of laser beams. Hereinaf- 
ter, the portion of the second cladding layer 35 which is 
thinner as described above is referred to as a non-ridge 
portion 35b. 

The thickness of the second cladding layer 35 for 
the ridge portion 35a is typically about 0.8 p-m to about 
1 .2 |im, and the thickness of the second cladding layer 
35 for the non-ridge portion 35b is typically about 0.10 
|im to about 0.20 |j,m. 

A p-type GaAs contact layer 37 (p-type impurities: 
Be, impurity concentration: about 5 x 10^^ cm*^, thick- 
ness: about 500 nm) is formed on the ridge portion 35a 
of the second cladding layer 35 via a p-type GalnP in- 
termediate layer 36 (p-type impurities: Be, impurity con- 
centration: about 1 X lO""® cm"3, thickness: about 50 
nm). The ridge portion 35a of the second cladding layer 
35, the p-type intermediate layer 36 and the p-type con- 
tact layer 37 constitute "a striped ridge structure", which 
functions as a narrowed path of current. 

The side faces of the striped ridge structure and the 
surface of the non-ridge portion 35b of the second clad- 
ding layer 35 are covered with a saturable absorbing film 
38. As shown in a further enlarged view of Figure 6B, 
the saturable absorbing film 38 has a multiple quantum 
well structure (MQW) including three well layers where 
AI0.6Gao.4As barrier layers and GaAs layers are alter- 
nately deposited. 

An n-type GaAs buried layer 39 (n-type impurities: 
Si, impurity concentration: about 5 X lO^^ cm'^, thick- 



ness: about 800 nm) is formed on the saturable absorb- 
ing film 38 so as to bury the striped ridge structure. A p- 
type electrode (thickness: about 100 nm) 310 is provid- 
ed over the n-type GaAs buried layer 39, the saturable 

5 absorbing film 38 and the p-type contact layer 37, while 
an n-type electrode (thickness: about 100 nm) 311 is 
provided over the lower face of the substrate 31 . When 
a voltage is applied between the electrodes 310 and 
311, reverse bias is applied to the pn junction formed 

70 between the n-type GaAs buried layer 39 and the p-type 
semiconductor layer As a result, current flows in a con- 
stricted manner into "the striped ridge structure" by the 
GaAs buried layer 39. 

It is preferable that the thickness of a layer in contact 

75 with the regrowfth interface of the Alo.6G3k>.4As barrier 
layers included in the saturable absorbing film 38 is 
more than about 10 nm for the previously mentioned 
reason. On the other hand, the thicknesses of the other 
Alo6Gao 4As barrier layers are not limited by such a 

20 viewpoint. However, when the AIq 6^20.4^^ barrier layer 
becomes thinner, excited carriers more easily move be- 
tween the well layers by tunneling the barrier layers. 
Therefore, in this example, in order to suppress the 
movement of the excited carriers due to tunneling, the 

25 thickness of the AIq 6^30.4^® barrier layers not in con- 
tact with the regrowth interface is set at about 4 nm. 

The thickness of the GaAs well layer is set at about 
10 nm in this example. 

The thickness of the AIq gGao^As barrier layers not 

30 in contact with the regrowth interface is preferably in the 
range of about 4 nm to about 6 nm. The thickness of the 
GaAs well layer is preferably in the range of about 8 nm 
to about 20 nm. 

The saturable absorbing film 38 not only can be pro- 

35 vided with a multiple quantum well structure, but also 
should be formed of a material which can generate the 
excited carriers by absorbing laser beams. As long as 
such a characteristic is present, the well layer can be 
formed of materials other than GaAs. 

-^0 For realizing self-pulsation, it is necessary to short- 
en the lifetime of the excited carriers of the saturable 
absorbing film 38 so as to have approximately the same 
duration as the cycle of the self-pulsation of laser 
beams, thereby generating a change in the number of 

•^5 excited carriers in approximately the same period of 
time as the self -pulsation cycle. The self -pulsation cycle 
is typically about several nanoseconds. For the satura- 
ble absorbing film 38, the change rate of excited carriers 
is relatively as short as about 2 to 3 nanoseconds. This 

50 is because the lifetime of carriers is shortened by the 
influence of carrier recombination at the heterointerface. 

In the case of this example, since the numberof het- 
erointerfaces is large, the number of excited carriers 
changes in a shorter period of time than in the previous 

55 example. As a result, self-pulsation occurs more easily 
in this example. 

Furthermore, since the saturable absorbing film 38 
having a multiple quantum well structure has a relatively 
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large number of heterointerfaces, the saturable absorb- 
ing film 38 also has a current blocking function. Since 
such a saturable absorbing film 38 covers the striped 
ridge structure, current can be more effectively con- 
stricted into the striped ridge structure. 

The semiconductor laser device having the above- 
mentioned structure can be produced in the same man- 
ner as previously described in conjunction with Example 
1 with reference to Figures 2A through 2C, except a step 
for forming the saturable absorbing film 38. The expla- 
nation thereof is omitted herein. The saturable absorb- 
ing film 38 can be formed by a known step for forming 
an ordinary multiple quantum well layer. The explana- 
tion thereof is also omitted. 

Then, the advantages of the structure of the present 
invention over the conventional self-pulsation type sem- 
iconductor laser device having the structure shown in 
Figure 8 will be described with reference to Figure 7. 

The conventional structure requires a thick active 
layer for the purpose of obtaining a large saturable ab- 
sorbing region. As a result, a radiation angle Q± in a ver- 
tical direction of emitted laser beams becomes large. On 
the other hand, according to the present invention, the 
structure and the size of the saturable absorbing film are 
determined independently of the structure and the size 
of the active layer, and it is not necessary to make the 
active layer thick in order to realize stable self-pulsation. 

Furthermore, according to conventional structure, 
since the doping level of the second cladding layer can- 
not be raised, the overflow of carriers occurs, thus mak- 
ing it difficult to perform an operation at a high temper- 
ature. However, according to the structure of the present 
invention, since the doping level of the second cladding 
layer can be raised, the overflow of carriers can be sup- 
pressed, thus enabling an operation at a high tempera- 
ture (e.g., about 60**C or more). 

Although a bulk layer is used as the active layer both 
in Examples 1 and 2, a multiple quantum well (MQW) 
layer may be used. Furthermore, the SCH (Separation 
Confinement Heterostructure), where the active layer is 
interposed by optical waveguide layers, can be used. 

Instead of the GaAs buried layer, an AIGaAs burled 
layer may be used. Furthermore, instead of such a bur- 
ied layer, a current blocking layer having a high resistiv- 
ity may be provided. 

The conductive type of each semiconductor layer is 
not limited to the case described in Examples 1 and 2, 
and the reverse conductive type may be used. 

As described above, according to the present in- 
vention, the structure and the size of the saturable ab- 
sorbing film can be independently determined without 
depending on the thickness and the structure of the ac- 
tive layer. Furthermore, the doping level of the second 
cladding layer can be raised. For these reasons, the 
present invention can provide a self-pulsation type sem- 
iconductor laser device having a low level of noise, ca- 
pable of stable operation at a high temperature while 
maintaining a small radiation angle G± in a vertical di- 



rection of emitted laser beams. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Ac- 
s cordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set 
forth herein, but rather that the claims be broadly con- 
strued. 

10 

Claims 

1. A self-pulsation type semiconductor laser device 
comprising: 

15 

a semiconductor substrate of a first conductive 
type; and 

a multllayered structure including at least an 
active layer provided on the semiconductor 
20 substrate, 

wherein the multllayered structure includes: 
a first cladding layer of the first conductive type 
provided below the active layer; 
a second cladding layer of a second conductive 
25 type having a striped ridge portion provided 

above the active layer; and 
a saturable absorbing film provided over the 
second cladding layer, the saturable absorbing 
film including an accumulation region for accu- 
se mulating photoexcited carriers, the accumulat- 
ing region being provided apart from a surface 
of the second cladding layer. 

2. A self-pulsation type semiconductor laser device 
35 comprising: 

a substrate (11,31); 

a first cladding layer (13,33) of a first conduc- 
tivity type provided over the substrate; 
40 an active layer (14,34) disposed over the first 

cladding layer; 

a second cladding layer (15.35) of a second 
conductivity type provided above the active lay- 
er, the second cladding layer having a striped 
ridge portion (15a, 15b); and 
a suturable absorbing film (18,38), the satura- 
ble absorbing film including an accumulation 
region (18b, 38b) for accumulating photoexcit- 
ed carriers, the accumulation region not form- 
50 ing part of the active layer. 

3. A self -pulsation type semiconductor laser device as 
claimed in claim 2, wherein the saturable absorbing 
layer is disposed over the second cladding layer, 

55 and wherein the accumulation region is spaced 
apart from the surface of the second cladding layer. 

4. A self-pulsation type semiconductor laser device 
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according to claim 1 , 2 or 3, wherein the saturable 
absorbing film includes: 

a first barrier semiconductor layer having a first 
bandgap; 

a well semiconductor layer having a second 
bandgap smaller than the first bandgap; and 
a second barrier semiconductor layer having a 
third bandgap larger than the second bandgap. 

5. A self-pulsation type semiconductor laser device 
according to claim 4. wherein a thickness of the first 
barrier semiconductor layer is set so that the pho- 
toexcited carriers in the accumulation region are 
prevented from recombining via a non-emission re- 
combination center present at an interface between 
the saturable absorbing film and the second clad- 
ding layer. 

6. A self-pulsation type semiconductor laser device 20 
according to claim 5. wherein a thickness of the first 
barrier semiconductor layer is about 1 0 nm or more. 

7. A self -pulsation type semiconductor laser device 
according to claim 4, wherein: 2S 

the first barrier semiconductor layer is formed 
of a first AIGaAs layer; 

the well semiconductor layer is formed of a 
GaAs layer and functions as the accumulation 30 
region; and 

the second barrier semiconductor layer Is 
formed of a second AIGaAs layer. 

8. A self-pulsation type semiconductor laser device 
according to any preceding claim, wherein the sat- 
urable absorbing film has a multiple quantum well 
structure, and a plurality of well layers in the multiple 
quantum well structure function as the accumula- 
tion regions. 

9. A self-pulsation type semiconductor laser device 
according to any preceding claim and further com- 
prising a semiconductor buried layer for absorbing 
laser beams provided on the saturable absorbing ^5 
film. 

10. A self -pulsation type semiconductor laser device 
according to claim 9, wherein the semiconductor 
buried layer Is formed of a GaAs layer. 50 

11. A self-pulsation type semiconductor laser device 
according to any preceding claim, wherein the sec- 
ond cladding layer is doped with impurities of a sec- 
ond conductive type at a concentration of about 1 ss 
X 10^2 cm'3 or more. 
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FIG, 2 A 
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FIG. 3 A 



AIGaAs 



[Buried layer of the present invention] 
(Carriers are easily trapped) 



AIGaAs 



Go As 





(Light absorption) 



18a 
Regrowth 
interface 




18b 18c 



19 



FIG.3B [Burled layer of prior art] 

(Carriers are not easily trapped) 



(Diffusion) 



''Disappearance \ 
through non-emission) ^ 
^reconnbination / 




(Diffusion) 



Regrowth 
Interface 



14 



EP 0 782 230 A1 




15 



EP 0 782 230 A1 



FIG, 5 A 
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